Abstract The principal causes of death among 45,708 patients with diabetes (29,801 men and 15,907 women) who died in 241 hospitals throughout Japan during [2001][2002][2003][2004][2005][2006][2007][2008][2009][2010] were determined based on a survey of the hospital records. Autopsy had been conducted in 978 of the 45,708 cases. The most frequent cause of death was malignant neoplasia (38.3%), followed, in order of descending frequency, by infection (17.0%) and then vascular disease (14.9%), including renal failure (3.5%), ischemic heart disease (4.8%) and cerebrovascular disease (6.6%). Diabetic coma associated with hyperglycemia with or without ketoacidosis accounted for only 0.6% of the deaths. In regard to the relationship between the age and cause of death in patients with diabetes, the incidence of death due to vascular diseases was higher in patients over the age of 30 or 40 years, and 97.0% of the deaths due to vascular disease occurred in patients over the age of 50 years. The incidence of death due to infectious diseases, especially pneumonia, increased in an age-dependent fashion, and 80.7% of the deaths due to pneumonia occurred in patients over the age of 70 years. ''Poorer'' glycemic control was associated with the reduced lifespan of patients with diabetes, especially those with nephropathy. The average age at death in the survey population was 72.6 years. The lifespan was 1.6 years shorter in patients with ''poorer'' glycemic control than in those with ''better'' glycemic control. In patients with diabetes of less than 10 years' duration, the incidence of death due to macroangiopathy was higher than that due to nephropathy. Of the 45,708 patients with diabetes, 33.9% were on oral medication, 41.9% received insulin therapy, and 18.8% were treated by diet alone. Among the patients in whom the cause of death was diabetic nephropathy, a high percentage, 53.7%, were on insulin therapy. The average age at death of the 45,708 patients with diabetes was 71.4 years in In 2011, the Japan Diabetes Society established a Committee on Causes of Death in Diabetes Mellitus, which published its final committee report in 2016 [1] . This is the English version of that report with some revisions, which is published here to enhance our nonJapanese colleagues' and other interested parties' understanding of this topic. This is the official published version of that report, which is jointly published in Diabetology International (the official English journal of the Japan Diabetes Society) and the men and 75.1 years in women. However, the report of the Ministry of Health and Welfare of Japan in 2010 set the average lifespan of the Japanese at 79.6 years for men and 86.3 years for women. Thus, the average lifespan of patients with diabetes still appears to be shorter than that of the general population in Japan. However, the difference in lifespan between patients with diabetes and the general population is smaller than found in previous surveys.
Introduction
The ultimate goal of treating diabetic patients is to maintain their quality of life (QOL) as much as possible (just as in healthy people), and to prolong their lives. Surveys of the cause of death and the age at the time of death in diabetic patients are important for assessing the contributions made by recent advances in diabetes treatment. While a study on the prevention and suppression of the development of vascular complications in diabetic patients (the Japan Diabetes Complications (JDC) study) [2] and a largescale observational study to investigate the current status of diabetic complications and their prevention in Japan (the Japan Diabetes Complication and its Prevention (JDCP) prospective study) [3, 4] clarified the clinical features of Japanese patients with diabetes, these studies had limitations in terms of sample size and did not include analyses of the causes of death in diabetic patients.
Previously, three questionnaire surveys were carried out to investigate the causes of death in Japanese diabetic patients [5] [6] [7] . The present questionnaire survey was conducted in a similar manner to the three previous surveys by the Committee of the Japan Diabetes Society on the Causes of Death in Diabetes Mellitus. In this study, we investigated the causes of death among Japanese diabetic patients between 2001 and 2010 and compared the data with the results of previous surveys.
Methods
The survey period comprised 10 years from January 1, 2001 , to December 31, 2010. The survey contained the following items: (1) sex, (2) body height, (3) maximum body weight, (4) age at the time of death, (5) year and month of death, (6) estimated age of onset of diabetes, (7) duration of treatment for diabetes, (8) type of diabetes, (9) cause of death, (10) diabetic complications while alive, (11) details of treatment for diabetes, (12) source of diagnosis of the cause of death, and (13) the most recent hemoglobin A1c (HbA1c) (JDS) level (converted to National Glycohemoglobin Standardization Program [NGSP] units for analyses). Five of the questions (1, 4, 8, 9 , and 11) were mandatory. The contents of the questionnaire were slightly different from those of the three previous studies, but most of the contents remained the same to allow comparison with the results of those surveys.
As in the previous surveys, we sent survey forms to 1164 institutions that met the criterion of being an institution that had presented papers at an Annual Meeting of the Japan Diabetes Society during the previous 5 years ( [2006] [2007] [2008] [2009] [2010] . Although the subjects in the previous surveys were limited to patients who were being treated in the department of diabetes at the time of death, the subjects in the present study were those who were being treated in any of the departments in the institution at the time of death. We received responses from 241 institutions (20.7% response rate), covering 45,970 diabetic patients (22,182 collected by web-based questionnaire and 23,788 collected by paper-based questionnaire). Excluding survey forms with internal inconsistencies or missing important data left an analysis group of 45,708 subjects (29,801 men and 15,907 women). Because some data were missing in some of these forms, however, the number of subjects was not the same for all parameters. Results are for all subjects unless it is specified that they pertain to autopsy cases.
We analyzed in particular the relationship between vascular disease (chronic renal failure including diabetic nephropathy, ischemic heart disease, and cerebrovascular disease) as the cause of death and patient characteristics, including age, sex, glycemic control status, duration of diabetes, details of treatment for diabetes, and main complications. vascular diseases, ischemic heart diseases and cerebrovascular diseases accounted for 2183 (4.8%) and 3028 (6.6%), respectively, and deaths from chronic renal failure accounted for 1613 (3.5%). Regarding ischemic heart diseases, angina pectoris was the cause of death in only 0.3% of cases, and almost all the deaths from ischemic heart diseases were due to myocardial infarction. A total of 3955 subjects (8.7%) died from heart diseases other than ischemic heart diseases and most of those (2994, 6.6%) were due to heart failure. Of the deaths from cerebrovascular diseases, cerebral infarction-the cause of death in 1581 cases (3.5%)-was 1.7 times more common than cerebral hemorrhage-the cause of death in 944 cases (2.1%). Of the deaths from infectious diseases, 5312 (11.6%) cases were from pneumonia, accounting for 68% of all the deaths from infectious diseases. Diabetic coma was the cause of death in 281 cases (0.6%) and hypoglycemic coma in 79 cases (0.2%). Analysis of differences between the sexes showed that malignant neoplasia was a more common cause of death in men (40.7%) than in women (33.9%). In particular, esophageal cancer, gastric cancer, lung cancer, and liver cancer were frequently observed. Deaths from vascular diseases were more common in women than in men, and deaths from chronic renal failure, ischemic heart diseases, or cerebrovascular diseases showed a similar trend. Deaths from heart diseases other than ischemic heart diseases were more common in women than in men. Deaths from infectious diseases were more common in men than in women, and deaths from diabetic coma were slightly more common in women than in men.
An autopsy was performed in 978 cases, accounting for only 2.1% of all cases. The most common cause of death in all the subjects who underwent autopsy was malignant neoplasia, accounting for 329 cases (33.6%), followed by infectious diseases in 205 (21.0%) and vascular diseases in 147 (15.0%). These results, including sex differences, were similar to those for all the surveyed subjects, with deaths from ischemic heart diseases more common and those from cerebrovascular diseases less common.
Causes of death according to age groups
The causes of death for all subjects according to age group are shown in Table 3 . The male to female ratio was 1.9:1 for all subjects, 2.6:1 for those aged 40-69, and 1.6:1 for those aged C70.
The mortality rate as a result of vascular diseases was 13-16% for subjects aged C30, with no significant difference among the age groups, and it was higher in men than in women for subjects aged 40-59. The mortality rate as a result of chronic renal failure due to diabetic nephropathy was not reported in subjects aged B29, and it was approximately 2-3% for subjects aged C30. The mortality rate as a result of myocardial infarction increased to approximately 4-5% for subjects aged C40. The mortality rate as a result of cerebrovascular diseases was 6-8% for subjects aged C30, with deaths from cerebral hemorrhage being more common in subjects aged B49 and those from cerebral infarction more prevalent in subjects aged C60.
The mortality rate as a result of malignant neoplasia was as high as 46.3% for subjects aged 50-59 and 47.7% for those aged 60-69, while those aged C51 accounted for 97.4% of the deaths from malignant neoplasia. In addition, the proportion of deaths from leukemia and lymphoma was high in subjects aged B29.
The mortality rate as a result of pneumonia increased with age, reaching 20.0% in the subjects aged C70, and 80.7% of the deaths from pneumonia occurred in the subjects aged C70.
The mortality rate as a result of diabetic coma was as high as 14.6% in the subjects aged 10-19 and 10.4% in those aged 20-29, and it was the second most frequent cause of death following malignant neoplasia in these age groups.
Glycemic control, duration of diabetes, cause of death, and age at death Glycemic control, cause of death, and age at death Table 4 shows the cause of death, level of glycemic control, and average age at the time of death in 20,348 subjects in whom HbA1c levels were measured (the subjects were divided into two groups based on the level of glycemic control: better, with NGSP \8.4%; and poorer, with NGSP C8.4%).
The average age at time of death for all subjects was 72.6 years, and was 1.6 years shorter in subjects with poorer glycemic control than in those with better glycemic control. Lifespans were longer for those with better control almost regardless of the cause of death, and this difference was smaller for deaths as a result of malignant neoplasms (0.8 years) and greater for deaths as a result of vascular disease (2.4 years), particularly renal failure due to diabetic nephropathy (4.7 years). On the other hand, for subjects who died from renal failures other than diabetic nephropathy, lifespans were 2.6 years longer in subjects with poorer glycemic control. In addition, for subjects who died from diabetic coma or hypoglycemic coma, lifespans were shorter in those with poorer glycemic control (6.9 and 10.7 years, respectively). For subjects who died from arrhythmia as a heart disease other than ischemic heart diseases, lifespans were 5 years shorter in those with poorer glycemic control.
Glycemic control, duration of diabetes, and deaths caused by vascular diseases Data on HbA1c levels and estimated duration of diabetes were available for 1503 of the 6824 subjects who died from vascular diseases ( Table 5) . As approximately 90% of the patients had better glycemic control, it was difficult to compare those with better and poorer control, and analysis was performed only on the relationship between cause of death and duration of diabetes.
The duration of diabetes was 10 years or more in 73.4% of the deaths from diabetic nephropathy, 62.7% of the deaths from ischemic heart diseases, and 50% of the deaths from cerebrovascular diseases. Relationships between deaths caused by vascular disease, treatment for diabetes, and complications and concomitant diseases
Treatment for diabetes and deaths caused by vascular diseases
As shown in Table 6 , treatments for diabetes in all the subjects comprised diet alone in 18.8%, oral hypoglycemic agents in 33.9%, and insulin in 41.9%, with insulin therapy the most common. In particular, 53.7% of diabetic patients who died from diabetic nephropathy were on insulin therapy, a higher proportion than those who died from ischemic heart diseases (38.9%) or those who died from cerebrovascular diseases (39%). Oral hypoglycemic agent therapy was more common in diabetic patients who died from ischemic heart diseases (34.6%) and cerebrovascular diseases (33.6%) compared with those who died from diabetic nephropathy (28.6%). Diet therapy alone was slightly less common in diabetic patients who died from diabetic nephropathy (13.9%) than in those who died from ischemic heart diseases (16.2%) or cerebrovascular diseases (17.8%). The sum of the percentages exceeds 100 because there were subjects who used both oral hypoglycemic agents and insulin.
Complications, concomitant diseases, and deaths from vascular diseases
The relationship between complications and concomitant diseases and deaths from vascular diseases is shown in Table 7 (all subjects) and Table 8 (autopsy subjects). The incidence rates of almost all the complications and concomitant diseases were much lower than those in the previous surveys, probably because it was not mandatory to answer the question about complications and concomitant diseases in the present survey. On the other hand, the incidence rates of complications and concomitant diseases in the autopsy subjects were higher than those in all the subjects, probably because complications and concomitant diseases were evaluated based on the autopsy records for which detailed data were available; however, it should be noted that the data may be insufficient for analysis because the number of autopsy subjects who died from vascular diseases was as low as 140 subjects and only 68% of those who died from diabetic nephropathy were reported to have diabetic nephropathy as a concomitant disease. In all the subjects as well as in the autopsy subjects only, diabetic retinopathy and neuropathy were both common in diabetic patients who eventually died from diabetic nephropathy, and the incidence of coronary artery diseases was high in diabetic patients who died from ischemic heart diseases. Hypertension was present in Table 3 
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(2) (7) approximately half of the autopsy subjects who died from vascular diseases, but the presence of dyslipidemia was as low as approximately 20% in those who died from ischemic heart diseases or cerebrovascular diseases. Renal dysfunction was present in 30-40% of subjects who died from ischemic heart diseases or cerebrovascular diseases. Diabetic gangrene was more common in diabetic patients who died from diabetic nephropathy than in those who died from ischemic heart diseases or cerebrovascular diseases.
Discussion
Although the questions used in the questionnaire were almost the same as those used in the three previous surveys, several changes were made in the present survey, including the availability of the web option, making five of the 13 questions mandatory to answer, and including patients who were followed up by any of the departments in the institution. As a result, the number of subjects exceeded 45,000, which was approximately 2.5 times larger than the number included in the last survey even though the number of participating institutions decreased from 282 to 241 in the present survey. Although the number of subjects significantly increased, the response rates for non-mandatory questions were low-an issue that must be addressed in future surveys. The number of deaths in men was approximately twofold greater than that in women in the present study. According to the National Health and Nutrition Survey in 2010, the number of male diabetic patients was 1.8-fold greater than the number of female diabetic patients [8] . According to the Outline of the Report of Vital Statistics in 2010 (Tables 2, 3 , 4, 5, and 6), the number of deaths in men was 1.2-fold greater than that in women in a Japanese general population [9] . Thus, our data on differences between the sexes are in accord with the above data.
Comparisons of the results of the surveys of the causes of death of Japanese diabetic patients that are periodically conducted in the same manner, as well as the results of other Japanese surveys on causes of death, are of great interest when attempting to understand changes in the clinical features of diabetic patients in Japan, and should also be useful when formulating future strategies. Table 9 shows a comparison of the causes of death found in the four surveys, including the present survey, with the causes of death in the Japanese general population over the same period in the Annual Statistical Report of the National Health Condition published by the Health and Welfare Statistics Association in 2010 [10] [11] [12] and the Outline of the Report of Vital Statistics in 2010 [9] . In the present study, the most frequent cause of death was malignant neoplasia, followed by infectious diseases and then Table 9 Causes of death in the Japanese general population and Japanese diabetic patients-comparisons between 1971-1980, 1981-1990, 1991- General population [10] Diabetic patients [5] General population [11] Diabetic patients [6] General population [12] Diabetic patients [7] General population [9] Diabetic patients [1] (n = 695,821) (n = 9737) (n = 793,014) vascular diseases. In the first and second surveys, the most frequent cause of death was vascular disease; malignant neoplasia was second, followed by infectious diseases. The top two causes exchanged positions in the third survey. It is noteworthy that the percentage of deaths from vascular diseases has since declined further so that it is now the third most frequent cause of death. It should also be noted that diabetic coma was the cause of death in 281 cases and hypoglycemic coma in 79 cases. Although these numbers are relatively low compared to the overall population, clinicians should be aware that such deaths are possible. The proportion of deaths from malignant neoplasia in diabetic patients has increased from 25.3 to 29.2 to 34.1% in the previous three surveys and to 38.3% in the present survey. On the other hand, the proportion of deaths from malignant neoplasia in the Japanese general population increased from 21.6 to 25.9 to 31.0% every 10 years from 1970 to 2000, but decreased slightly to 29.5% in 2010. This may support recent findings on the association between diabetes mellitus and cancer. Comparison of the proportions of deaths from malignant neoplasia in the present study with those in the previous surveys highlighted an increase in deaths from lung cancer and pancreatic cancer and a decrease in deaths from liver cancer, similar to the trends observed in the study of the Japanese general population; however, the proportion of deaths from liver cancer was 2.2-fold higher and that of deaths from pancreatic cancer was 2.5-fold higher in diabetic patients than in the Japanese general population. The proportion of deaths from malignant neoplasia was slightly higher than that in the pooled analyses by the Committee on Diabetes Mellitus and Cancer [13] , although those results were not directly comparable to ours.
The proportion of deaths from vascular diseases has declined in the Japanese general population over the past four decades, and a similar trend was observed in diabetic patients. Indeed, the proportion of deaths from vascular diseases in diabetic patients decreased from 26.8 to 14.9% (i.e., approximately halved). For diabetic patients who died from vascular diseases, the proportion of deaths from ischemic heart diseases decreased from 14.6 to 10.2% (i.e., decreased by approximately one-third) in the last survey, and then decreased sharply again to 4.8% in the present study. This should be contrasted with the slight decrease in deaths from ischemic heart diseases (from 7.3 to 6.5%) in the Japanese general population over the same timeframe. In addition, it was interesting that the proportion of deaths from ischemic heart diseases in diabetic patients was lower than that in the Japanese general population even though the former was consistently higher than the latter in previous surveys. In Japan, an increase in the ratio of deaths from ischemic heart diseases to deaths from all vascular diseases in diabetic patients was reported in 1967 by Goto et al. [14] , in 1968-1970 by Hirata et al. [15] , and in 1960-1984 by Sasaki et al. [16] . The recent decrease in the proportion of deaths from ischemic heart diseases in the previous and present surveys may be attributable to stricter control of blood lipids through the use of statins and of blood pressure through the use of antihypertensive agents, increased awareness of the importance of intensive diabetes management including glycemic control due to a wide range of clinical studies, and advances in screening and intervention methods such as coronary artery computed tomography for ischemic heart diseases. On the other hand, the proportion of deaths from cerebrovascular diseases decreased from 16.4 to 13.5 to 9.8% in previous surveys and to 6 .6% in the present survey. This may be a reflection of improvements in the control of blood pressure and blood lipids in general, because a similar trend was observed in the Japanese general population. The proportion of deaths from renal failure in diabetic patients hs tended to decrease in previous surveys, and it decreased from 6.8 to 3.5% in the present study. On the other hand, the proportion of deaths from renal failure in the Japanese general population showed only a slight increase from 1.8 to 2.0%, which was not a significant change. Although renal failure in the Japanese general population and that in diabetic patients may not be directly comparable, the proportion of deaths from renal failure in diabetic patients is still high compared with that in the Japanese general population, although the ratio has significantly decreased from 12.8-fold to 5.6-fold to 3.8-fold in previous surveys and to 1.8-fold in the present survey. The reason for this decreasing trend may be improved treatment for a variety of conditions associated with diabetes mellitus that allow more diabetic patients to receive dialysis therapy and prevent death from renal failure, leading to an increase in deaths due to malignant neoplasia or pneumonia.
The proportion of deaths from infectious diseases, the third highest cause of death, has risen slightly in both the Japanese general population and diabetic patients, and is consistently approximately 1.5-fold higher in diabetic patients than in the Japanese general population. This reinforces the importance of considering the susceptibility of diabetic patients to infectious diseases in the course of clinical practice. Table 10 shows a comparison of the mean ages at death of Japanese diabetic patients in the four surveys, including the present study, and life expectancy at birth of the Japanese general population over the same time periods [17] . Although life expectancy at birth is not directly comparable to mean age at death, we used the data for comparison because there are no data on the mean age at death in the Japanese general population. In the present study, the mean age at death in diabetic patients was 71.4 years in men and 75.1 years in women. In contrast, the mean life expectancy at birth in the Japanese general population in 2010 was 79.6 years in men and 86.3 years in women. As in the previous three surveys, the mean age at death in diabetic patients was lower than the life expectancy at birth in the Japanese general population. However, the difference between age at death in diabetic patients and life expectancy at birth in the Japanese general population became significantly smaller in the present study, reducing from 9.5 to 10 years to 8.2 years in men and from 13 to 14 years to 11.2 years in women. Given that 30 years have passed since the first survey was conducted, we believe that the significant advances in the treatment and control of diabetes that have occurred during that time have led to the improved prognosis of diabetic patients. We hope that future studies will demonstrate that the life expectancy of diabetic patients is comparable to that of the Japanese general population.
There are limitations on the interpretation of results obtained through questionnaire surveys, such as difficulties in standardizing diagnostic criteria and assessment criteria for causes of death. However, we can state that the results collated from 45,708 subjects received from 241 institutions throughout the country greatly clarify the clinical features of Japanese diabetic patients in the decade 2001-2010. In the present study, we tabulated the results of the present questionnaire survey, setting them out in the same manner as the previous surveys to facilitate comparison. We sincerely hope that the results presented here will be of use in the treatment of diabetes. We believe that this kind of survey is very important and should be continued in the future because it can clarify the current clinical features of Japanese diabetic patients by comparing current results with previous data. patients with diabetes based on the results of survey of 45,708 cases during 2001-2010. J Japan Diabet Soc. 2016;59:667-84 (Japanese). Table 10 Mean ages at death of Japanese diabetic patients and life expectancy at birth of the Japanese general population-comparisons between 1971-1980, 1981-1990, 1991- (2) and (1) Difference between (3) and (2) Difference between (4) and ( 
